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In a previous paper (Metzger and Podwiinska, 1967) evidence was presented that the development of agglutinability which occurs in ageing suspensions of T. pallidum (Hardy and Nell, 1955, 1957; Metzger and Podwinska, 1965 ) proceeds at different rates to different agglutinating antibodies present in syphilitic or immune sera. Most remarkable was the behaviour of the treponemes in a serum that contained antibody to the heat-labile treponeme component only; the agglutinability of the treponemes, suspended in phosphate buffered saline of pH 7-4 and maintained at 4°C., increased sharply in the first days after their extraction from syphilitic testes, reached maximal values between the sixth and the tenth day of storage, and thereafter decreased rapidly so that, as a rule, 14-day-old organisms were practically not agglutinated by this antibody. Moreover, it was found (Metzger and Podwiniska, 1968) that treponemes stored longer than 14 days were also incapable of stimulating the production of antibody to the heat-labile antigen in rabbits.
These findings were interpreted as proof that the heat-labile component of T. pallidum becomes destroyed during prolonged maintenance, most probably through the action of autolytic enzymes, and is absent from the bodies of stored treponemes.
Further experiments (Metzger and Podwinska, 1968) Infectivity Test 5 weeks after completion of the immunization procedure intradermal challenge of 300,000 virulent T. pallida, suspended in 0-1 ml. of 10 per cent. normal rabbit serum-saline, was made at each of four sites on the shaven back of each animal. The rabbits were examined daily, and the time when syphilitic lesions appeared at the challenge sites was noted. After 4 months, the rabbits were killed by injection of air into the marginal ear vein. Three to four lymph nodes were then excised from rabbits that failed to develop lesions upon challenge and these nodes were emulsified in 1 ml. of 10 per cent. normal rabbit serum-saline. One drop of the emulsion was examined by darkfield microscopy and the rest was injected into one testis of a normal rabbit; the second testis was utilized for lymph node transfer from another rabbit. The infection was allowed to develop for one month. After that time the rabbits were killed, and the removed testes were examined microscopically for the presence of treponemes.
The course of immunization and the manner of demonstrating the post-immunization status are shown in Table I .
The presence or absence of the heat-labile protein component in stored treponemes used for the immunization of rabbits was assessed in terms of their agglutinability in an anti-heat-labile antigen serum. The manner of preparing a serum containing antibody to the heatlabile treponeme component only and the technique of the agglutination reaction have been described previously (Metzger and Podwiiiska, 1968) .
Serological Testing
This was performed at the end of the 5-week rest period after completion of the immunization procedure. The VDR-L slide flocculation test was carried out as described in the "Manual of Serologic Tests for Syphilis" (1959) . The TPI test was performed by the procedure of Nelson and Diesendruck (1951) with the following modifications: the basal medium contained double strength sodium thioglycollate, and bovine serum albumin was replaced with gelatin to a final concentration of 100 mg. per cent.
Results

Clinical Response to Immunization
As can be seen in Table II , none of the sixteen rabbits immunized with non-viable treponemes, being fully agglutinable in an anti-heat-labile antigen serum (Vaccine i), developed lesions at any of the challenge sites. The degree of resistance, however, was not the same in all animals of this group; six rabbits were found to be completely immune, while the remaining ten were considered to be only partially immune because their lymph nodes harboured virulent treponemes that caused infection upon transfer into the testes of normal 'rabbits.
A high proportion of rabbits immunized with penicillin-killed treponemes having also their heatlabile protein antigen preserved (Vaccine ii) (Turner and Hollander, 1957; Cannefax, 1965; Knox, Dacres, Short, and Glicksman, 1967) . The main reason for these failures lies undoubtedly in lack of information on the nature of the immunogenic factor of the treponemes and its situation in the treponemal body. Tani, Inoue, and Asano (1951) However, the results here presented have clearly shown that the immunogenic activity of treponemes is related to their heat-labile protein component. It was found that non-viable treponemes that had their heat-labile protein antigen well preserved, as evidenced by their full agglutinability in the antiheat-labile antigen serum, gave rabbits a high degree of protection against challenge inoculation. None of the sixteen animals which received Vaccine i developed lesions at any of the challenge sites. A high degree of immunity, although somewhat lower than in the former group of animals, was also found in rabbits given treponemes stored with the addition of penicillin (Vaccine ii) for the same lengths of time as the previous ones. It might be argued that the vaccine preparations contained viable organisms which caused infection on repeated injection and, in consequence, the observed resistance of rabbits to challenge was a manifestation of infection immunity. This, however, seems unlikely. The non-infectiousness of the treponeme suspensions used for immunization was ascertained by several appropriate control experiments; none of the batches of the vaccine preparations was found to contain virulent organisms.
In contrast to the immunizing effect produced by treponemes with intact protein antigen, treponemes that had lost this antigen either after prolonged storage (Vaccine i'i) or heat treatment (Vaccine iv) failed almost completely to protect rabbits against challenge inoculation.
As already mentioned, evidence was presented in a previous paper (Metzger and Podwinska, 1968) that the heat-labile protein antigen of T. pallidum is easily destroyed by even moderate heating (560C., 1 hr) and by a number of substances that are widely used in laboratories for killing treponemes such as formalin, phenol, and merthiolate; only penicillin was found not to affect this component. However, the present finding that four of the eleven rabbits injected with penicillin-treated treponemes (Vaccine Ui) developed lesions, although they were small in number, atypical, and appeared only after a prolonged incubation as compared to those in controls, does appear to indicate that penicillin, or its derivatives, does little damage to the protein antigen. This effect, however, was not reflected in the lessened agglutinability of the treponemes in a serum that contained antibody to the protein antigen only. Other treponemicidal substances that will not impair the treponeme protein component are now being sought in this laboratory; they will enable the preparation of a suspension of non-viable treponemes with preservation of their immunogenic properties.
These results together with those previously reported (Metzger and Podwinska, 1968) may explain the failure of those investigators who have endeavoured to induce immunity by using treponemes killed by heat or by a variety of chemicals. Organisms so treated were most probably devoid of the protein component which, as has been shown, is a carrier of immunogenicity.
Serological testing performed after completion of the immunization procedure has fully corroborated the findings of other investigators who failed to establish any relationship between the levels of TPI antibody and resistance to infection (Magnuson, Thompson, and McLeod, 1951; McLeod and Magnuson, 1953; Miller, Fazzan, and Whang, 1963) . It was particularly interesting to note that rabbits immunized with treponemes that had had their protein antigen preserved responded with much higher TPI titres than those injected with treponemes depleted of this antigenic component. This would indicate that the heat-labile protein antigen of T. pallidum plays a predominant role in stimulating the production of immobilizing antibody as was postulated by Hardy and Nell (1957) , though objected to by McLeod and Garson (1962) 
